The published literature describing aerosol trace element fractional solubility measurements is characterized by a wide range of observed fractional solubilities. Whereas some of this variability is derived from natural differences in the chemical characteristics of the aerosol source material, the use of different sample collection and processing protocols by the scientific community has also confounded efforts to understand aerosol solubility. Bulk aerosol samples were collected at a coastal site over a nine-month period and used to assess the influence of filter material on aerosol solubility measurements. Two hundred samples were extracted with ultrapure deionized water and focused on the solubility of ten trace elements (Al, P, Ti, V, Mn, Fe, Ni, Cu, Zn, and Pb) of interest to the GEOTRACES program. Aerosol samples were collected on eight different filter types and extracted using a flow-through "instantaneous" extraction method. In many cases, the operationally defined aerosol trace element solubility differed depending on filter type. Major anion concentrations and trace element fractional solubility were found to differ 58% and 60% of the time, respectively. Filter blank concentrations are also reported for the various filter types. This work, in conjunction with the 2008 GEOTRACES Aerosol Intercalibration study, should aid the design of future research efforts by the wider marine aerosol community and allow better comparisons among published data.
The mission of GEOTRACES is to improve our understanding of the processes and fluxes that control the distributions of trace elements and isotopes (TEIs) in the ocean. An important component of this effort is to better quantify and characterize the flux of TEIs to the surface ocean via the atmospheric deposition of aerosols (SCOR Working Group 2006) . Inherent to this mission is assessing the fractions of these aerosol TEIs that are soluble in seawater. Aerosols are produced by several mechanisms including, but not limited to, uplift of continental material, high-temperature combustion activities, biomass burning, and volcanic emissions (Duce and Tindale 1991; Prospero et al. 1996; Jickells et al. 2005; Olgun et al. 2011) . Aerosol deposition to the open ocean supplies important macronutrients, such as nitrate and phosphate, as well as micronutrients, particularly highly insoluble iron. Deposition of these nutrients can support primary productivity thereby linking aerosol TEIs to the biogeochemical cycling of carbon (Jickells et al. 2005) .
It has long been thought that insufficient concentrations of bioavailable Fe limit the complete use of available macronutrients by phytoplankton creating high nutrient, low chlorophyll (HNLC) regions (Martin et al. 1990; Coale et al. 1996; Boyd et al. 2000) . Iron availability can also regulate nitrogen fixation (Capone and Carpenter 1982; Falkowski et al. 1998; Morel and Price 2003; Mills et al. 2004 , Sohm et al. 2011 . Macronutrients, particularly nitrate and phosphate, from atmospheric deposition can support a substantial fraction of new production in oligotrophic areas of the ocean (Bergametti et al. 1992; Herut et al. 1999; Chen et al. 2007; Krishnamurthy et al. 2007; Mackey et al. 2007; Duce et al. 2008) . Additionally, atmospheric deposition can introduce potentially toxic elements, e.g., copper, which may have deleterious effects on phytoplankton (Paytan et al. 2009 ) in oceanic regions signifi-cantly impacted by the deposition of anthropogenic aerosols (Sholkovitz et al. 2010) .
Laboratory experimentation on both natural samples and reference materials using a variety of extraction methods has resulted in a wide range of operationally defined aerosol Fe fractional solubilities (Mahowald et al. 2005; Mahowald et al. 2008 ). We spotlight Fe as an example due to the relatively large number of published aerosol Fe solubility datasets, however it is likely that similar solubility ranges exist for many other elements (e.g., P). Baker and Croot (2010) suggest, "…some of this variability in reported estimates must also be due to the diverse experimental approaches used for determination of aerosol iron solubility." These approaches may include the use of different extraction solutions, solvent pH, solution to particle ratio, and exposure time with each of these variables potentially influencing the operationally defined fractional solubility estimate. In their review, those authors go on to rightly put forth surface seawater as the most "obvious" extraction media for assessing aerosol solubility in the ocean. However, as they point out and as is discussed in Buck et al. (2010) and Sholkovitz et al. (2012) , the use of seawater complicates interpretation of the results and increases the complexity of subsequent analyses. Recent research has striven to offer alternative extraction solutions, and several studies have compared the solubility of aerosol Fe in both 18.2 mW ultrapure deionized water and 0.2 µm filtered surface seawater both from marine and coastal aerosols (Buck et al. 2006; Chen et al. 2006; Aguilar-Islas et al. 2010; Buck et al. 2010) . In one case, the fractional solubility was greater in seawater than in UHP (Aguilar-Islas et al. 2010) .
As noted in Aguilar-Islas et al. (2010) , it is possible that experimental artifacts are less likely to influence observational variability than aerosol source and together these factors explain the range of published aerosol Fe fractional solubilities in the literature. Regardless of the source of the variability, this range in solubilities complicates the effort to produce a widely applicable estimate of aerosol solubility, limits study comparability, and ultimately hinders our understanding of the factors controlling solubility. One of the specific GEOTRACES objectives is to "establish the range of fractional solubility of key atmospheric components and the process that underlie that variability" (SCOR Working Group 2006) . To meet this goal, it is necessary to assess and reduce the impact of analytical variability related to sample collection and processing on solubility estimates. Ideally, a standardized method for measuring aerosol TEI solubility would be adopted by the research community allowing for the straightforward intercomparison of analytical results. The work presented here was designed to examine the impact of filter substrate on measured fractional solubility. Eight filter substrates were compared to assess analytical variability introduced by filter composition. The TEI blank of each filter type was characterized to aid researchers in determining which filter substrate is best suited for their specific analytical needs.
Aerosol solubility was estimated from measurements of the soluble and insoluble aerosol fractions. The soluble fractions of the major anions nitrate, sulfate, and oxalate were also measured. Sample handling was conducted following strict trace element clean protocols. The focus of this study was to determine the relative differences in aerosol solubility observations based on filter type and not to make determinations on the influence of environmental factors, both preceding and following deposition, on the respective solubilities of the elements and anions.
Materials and procedures

Materials
ACS Plus grade HNO 3 (70%) and HCl (38%) were purchased from Fisher Scientific and sub-boiling Teflon-distilled before use. HF (48%) was purchased in trace-metal grade. All references are to these acids at full concentration unless otherwise noted. All deionized water was ultrapure (pH ~5.5; ≥18.2 MW) produced from a NANOpure water system (Barnstead/Thermolyne). All calibration standards were made from SPEX multi-element and single element standards designed for mass spectrometry and were diluted in ultrapure water (UHP) to appropriate concentrations. All ion chromatograph (IC) standards were made from SPEX multi-anion standards and diluted in UHP to appropriate concentrations.
Membrane filters were acid cleaned following two regimes. Polycarbonate and polytetrafluoroethylene filters were soaked for 1 week each in 4M HNO 3 , 3M HCl, and 0.5M sub-boiling distilled HCl. The filters were rinsed with UHP between each step. After the final acid washing, individual filters were rinsed again with UHP. The polyethersulfone and Metricel filters were acid washed following a similar protocol with the exclusion of the initial HNO 3 wash. The GF/F and quartz filters were baked at 450° for 5 h, then placed in 3M HCl for 1 week. Following rinsing in UHP, the filters were soaked in 0.5M subboiling distilled HCl for an additional week followed by rinsing in UHP and drying. All drying was conducted in a Class 100 laminar flow hood. Blank filters of each type were processed in the same fashion as sample filters with the exception of field deployment.
Aerosol collection
Aerosol samples were collected using a total suspended particle (TSP) aerosol sampler located on the roof of the Interuniversity Institute of Marine Sciences in Eilat, Israel ~10 m off the northwest coast of the Gulf of Aqaba (29.5°N, 34.9°E). The aerosols were collected continuously over a 72-h period with an air flow of 1.2-1.5 m 3 h -1
. The sampler has four 47-mm filter cartridges connected to dedicated flow meters thereby collecting replicate samples simultaneously and allowing for the samples to be normalized by their respective volumes of filtered air. The four parallel samples are collected at slightly different flow rates but should be similar in composition because they are sampling the same air masses. The airflow path of the sampler and filter holders are made entirely of plastic to min-
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Methods to assess aerosol TEI solubility imize contamination for TEIs. After collection, the aerosol samples were stored frozen and in the dark. Frozen samples were shipped to California on a regular basis to minimize storage time and avoid possible changes in aerosol solubility (Buck et al. 2006) . Five day air mass back-trajectories (AMBTs) were simulated using the NOAA Air Resources Laboratory Hybrid Single-Particle Lagrangian Integrated Trajectory Model (HYSPLIT, FNL data set) (Draxler and Rolph 2003; Rolph 2003) . Arrival heights were set at 20, 500, and 1500 m.
Filter comparison study
Eight filter types were deployed over the course of the study period to compare results from samples collected on a variety of filters. Four comparable samples were collected simultaneously during each sampling period allowing for the isolation of filter type effects from natural aerosol variability. Sampling was divided into four periods consisting of different combinations of filter types. Samples were collected over fifty 72-h intervals from 12 Mar 2009 to 6 Dec 2009 ( Table 1 ). The filter types were chosen to be representative of commonly used substrates found in the literature (e.g., Herut et al. 2001; Chen and Siefert 2004; Pekney and Davidson 2005; Buck et al. 2006; Huang and Yang 2006; Karthikeyan et al. 2006; Sedwick et al. 2007; Wagener et al. 2008; Shelley et al. 2012) . Whatman-41 filters were not included in this experiment but are extensively discussed in Morton et al. (in press) . (Table 1 ). Period C (28 Jun 2009-23 Aug 2009) included GF/F and quartz filters, which were not digested because of the large analytical blanks and complicated matrices inherent to digestions of these filter types (Upadhyay et al. 2009 ), therefore only two solubility datasets from period C, PC, and PTFE, were available for statistical analysis. Major anions were measured on all filter types. Aerosol solubility was calculated based on the soluble and total aerosol (or soluble + insoluble) fractions by the equation:
Extraction of the soluble aerosol fraction Ultrapure deionized water (UHP) was the solvent of choice because the resulting solutions provided the flexibility to analyze a wide variety of soluble chemical species. Extraction by UHP is widely used in the community (e.g., Yeatman et al. 2001; Buck et al. 2006; Chen et al. 2006; Sedwick et al. 2007; Aguilar-Islas et al. 2010; Buck et al. 2010; Hsu et al. 2010) and is not subject to the solubility constraints that plague seawater extractions as described in Baker and Croot (2010) .
We employed a rapid exposure, flow-through technique that measures the "instantaneous" solubility of aerosols (Buck et al. 2006) . Sample filters were individually loaded into an acid-washed polysulfone filter holder (Nalgene) attached to a vacuum pump (Air Cadet). Filters were carefully handled using two sets of plastic tweezers to ensure that the filter remained flat and the potential for particles loss was minimized. The vacuum rapidly draws the extraction solution (100 mL UHP) through the filter in a process that is completed in less than 10 s. Care was taken to slowly pour the UHP onto the aerosol filter to minimize the head space over the filter and reduce the chance that aerosol particles would be suspended in the solution. An important aspect of this procedure is that it minimizes the possibility for hydroxide precipitation because the aerosol particles are constantly exposed to fresh solvent. Following extraction, the sample solution was divided into a 25-
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Methods to assess aerosol TEI solubility 792 mL aliquot stored frozen in a 60 mL acid-washed centrifuge tube and a 75-mL aliquot acidified to 0.024M HNO 3 in an acid-washed 125 mL LDPE narrow mouth bottle. The operationally defined soluble fraction is that which passes through a 0.4 µm filter. All of the filters were extracted using the flow through technique with the exception of the polytetrafluoroethylene membranes whose hydrophobic properties were not compatible with this technique. Those filters were extracted using 50 mL UHP and the batch leaching method described in Chen et al. (2006) .
Chemical analyses Filter digestion procedures
The insoluble aerosol fraction was measured following strong acid digestion of the residual material remaining after soluble extraction. The methods used were dependent on the filter type used to collect the sample and represent methods commonly used in the literature. Both hotplates and a CEM MDS-2100 microwave (CEM) equipped with Teflon digestion vessels were used. The Millipore quartz fiber and Whatman GF/F borosilicate glass filters were not digested because of the high blank of the resulting solution and the complicated solution matrix created by the large volume of HF required to fully digest these filter types.
The polycarbonate (PC), polycarbonate track-etched (PCTE), polyethersulfone (HPWP), and polytetrafluoroethylene (PTFE) filters were microwave digested following a variation of the method described in Chen and Siefert (2004) . In each of these cases, the entire filter was digested with the exception of the PTFE filters, which were cut in half before soluble aerosol extraction. The digestion vessels were filled with 3 mL each of Teflon-distilled HNO 3 and HCl as well as 1 mL of trace metal grade HF. The vessels were heated to 180°C with a 30-min ramp time and held at temperature for 10 min. After cooling, 2 mL of 5% boric acid made in UHP was added and the vessels heated again to 100°C for more than 10 min. The procedure was run in batches of eleven with one temperature/pressure control vessel containing only the acid mixture. The resulting solutions were decanted into acid washed 60 mL LDPE wide-mouth bottles and placed on a hotplate inside a fume hood housed in UCSC's W. M. Keck Isotope Laboratory. The hotplate was set to 70°C, and the solution taken to near dryness. The residue was re-hydrated with 50 mL UHP and acidified to 0.024M HNO 3 .
The mixed cellulose ester (MCE) and Pall/Gelman Metricel membrane (GN-6) filters were digested following the method of Sedwick et al. (2007) . Following soluble aerosol extraction, each filter was cut in half using a ceramic blade. One half of the filter was placed in a 15 mL acid-washed Teflon digestion vial. The vial was filled with 8 mL UHP, 0.5 mL Teflon-distilled HNO 3 , and 0.4 mL trace metal grade HF. The solution was taken to dryness by heating on a hotplate at 80°C inside a fume hood as described previously. After the first step, 2 mL UHP, 0.3 mL Teflon-distilled HNO 3 , 0.3 mL Teflon-distilled HCl, and 0.1 mL trace metal grade HF were added and again taken to dryness. The residue was then rinsed into an acid cleaned narrow-mouth 60 mL LDPE bottle with 50 mL UHP and acidified to 0.024M HNO 3 . San Joaquin soil (NIST Standard Reference Material #2709) was initially used to assess digestion method efficiency; however this SRM, and others including MESS-3, require digestion of at least 250 mg of material to be certifiable. This mass is approximately two orders of magnitude greater than that of the samples collected during this study and would require adaptation of the acid recipe to achieve complete digestion producing certifiable results. This study was interested in analytical precision rather than accuracy, therefore, the use of SRMs was discontinued. All digestion series are assumed to have the same efficiency.
Major anion analysis
Extracts were analyzed using a Dionex ICS-2000 ion chromatograph equipped with the IonPac AS18 hydroxide-selective anion-exchange column for soluble nitrate, (detection limit = 0.6 µM; precision = 0.73%), sulfate (detection limit = 0.5 µM; precision = 0.63%), and oxalate (detection limit = 0.6 µM; precision = 1.31%). The eluant was 23 mM KOH with the temperature controlled at 30°C. Time of analysis was 14 min.
Trace element analysis
The soluble and insoluble aerosol fractions were measured in the acidified subsamples on a magnetic-sector high resolution inductively coupled plasma mass spectrometer (HR ICP-MS; Thermo Element XR) located in UCSC's Marine Analytical Laboratory. The ICP-MS provides several analytical advantages over other methods because of its ability to analyze small volume samples for multiple elements over a large dynamic range in a short amount of time (Upadhyay et al. 2009 and references therein). A calibration curve was constructed for each analytical run derived from the analysis of external standards. Elements were calibrated across a wide concentration range to allow for the analysis of both soluble aerosol extracts and insoluble aerosol digests during the same analytical run. Standards and blanks were measured multiple times during the runs and these repeat analyses were used to calculate analytical precision (RSD) and the detection limit (3s). Analytical precision was generally less than 1%. All data were corrected using data from field blanks, which were blank filters washed and handled in the same manner as the sample filters.
Statistical analysis
The nonparametric Friedman test was used because it allows for the comparison of several independent sets of data without the requirement that those data be normally distributed (Miller and Miller 2000) . The test was applied to the soluble concentration of anions per cubic meter of collected air and the trace element fractional solubility in percent values. The Friedman test is a two-way method that allows for the effects of two factors, the treatment and the block, to be tested. In this case, the treatment was the filter type and the block was the sampling interval. Variability in the data were introduced through differences in the filters as well as differences in the aerosols collected during each interval. By block-
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Methods to assess aerosol TEI solubility ing the aerosol samples together by sampling interval, this noise is removed from the evaluation and only differences resulting from the filters remain. This "randomized block design" is equivalent to matching paired samples (Helsel and Hirsch 2002) . The Friedman test requires a balanced design meaning there must be one observation per treatment-block. This requirement precludes the inclusion of any data from sampling periods wherein any one observation was less than the detection limit or a sample was lost for any reason. The null hypothesis for this method was that the filter types had no effect on solubility. In cases where the Friedman test rejected the null hypothesis when applied to all four filter types, multiple comparisons of the possible sample population combinations were made to determine which filter types were significantly different. When applicable, the paired t test was used to assess whether a statistical difference existed between two populations of samples, e.g., trace element solubility from period C. This test requires that the differences between the paired values have a normal distribution. The exact form of the nonparametric sign test was used for non-normally distributed paired data. The Grubb's test was used to test for outlier data from the four samples collected during a single 72-h sampling interval (n = 4). These outliers were not included in any statistical tests. All tests were run at the 95% confidence interval.
Assessment
Aerosol sources
In a previous study of Gulf of Aqaba aerosols, Chen et al. (2008) devised a six sector classification scheme to characterize air mass back-trajectories (AMBTs) reaching the study site. These sectors were defined as North Africa, Arabian Peninsula, local region, Western Europe, Eastern Europe, and Mediterranean Sea (Fig. 1) . The general aerosol sources were assigned to a sector based on the residence time (>60% of total time) in a particular sector over the last 5 d of transport. That classification scheme was used to define samples collected during this study. The majority of samples collected during the filter type comparison originated over the Mediterranean Sea (72%) with the remainder transported from North Africa (8%), the Arabian Peninsula (4%), Eastern Europe (10%), and also sources in the local region (6%). As noted by Chen et al. (2008) , Mediterranean air flows may be influenced by European anthropogenic and/or African crustal aerosols before and during their time over the marine environment. Aerosol source region was not correlated with trace element solubility.
Filter blank concentrations
The digested filter blank concentrations (nM) are reported in Table 2 . The means ± 1s are reported for multiple measurements greater than the detection limit. In some cases, only one measurement was greater than the instrument detection limit. The mean blank concentrations were used to calculate blank to sample molar ratios for samples collected on each filter type, also reported in Table 2 , and shown as percentages. Digested blanks that were lower than the detection limit are reported as less than or equal to the respective limit and that value was used to calculate the blank to sample ratio. The blank to sample ratios were generally low, often on the order of a few percent. The most notable exception to this pattern was the Cu blanks in the MCE and GN-6 digests, which
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had mean ratios of 24% and 40%, respectively. Table 2 also includes ratios of the measured blank to minimum sample for each element and filter pair.
Filter type
Figs. 2-4 and 5-14 show boxplots of the soluble major anionic species and trace elements, as well as the results of the statistical tests for each of the sampling periods. When the null hypothesis was rejected, all of the samples from each treatment group (filter type) were subsequently compared with one another through multiple comparison testing. Following the presentation style of Helsel and Hirsch (2002) , cases wherein the treatment groups were not found to significantly differ are denoted by shared letters positioned beneath the boxplots.
Filter type was a source of significant differences for each of the major anions and 58% of the sampling periods. Sulfate was found to be affected most often with three of the four sampling periods showing differences. Oxalate and nitrate were significantly different in half of the sampling periods. Filter type also introduced significant differences in trace element solubility observations 60% of the time and for all elements but one. Only Ni solubility was found to be uninfluenced by filter type. The results of the multiple comparison testing are discussed below.
Discussion
Extraction method
Aerosol measurements have the greatest value to the larger oceanographic community when they are easily compared with other observations. Comparability is especially important given the recent recognition of the significant role source material plays in aerosol solubility (e.g., Journet et al. 2008; Schroth et al. 2009; Sholkovitz et al. 2009; Aguilar-Islas et al. 2010; Paris et al. 2011 ). Standardizing methodology is vital to reducing the variability in solubility estimates, and using a common extraction solvent is the logical first step in achieving that goal. Ultrapure deionized water is the ideal solvent because of its analytical versatility as well as its ubiquitous availability in laboratories and at sea. Other solvents have been used to mimic specific environmental conditions or meet certain analytical criteria. These extraction strategies have scientific merit and should be continued in conjunction with UHP extractions to, not only recognize that the former may be desirable in some situations, e.g., seawater extractions to quantify the effects of varying concentrations of Fe binding ligands, but that the latter provides data that is intercomparable and valuable to the broader community.
Filter type
The observed concentrations of soluble anions were influenced by filter type. Sulfate concentrations were significantly different during sampling periods A, B, and C (Fig. 2) . HPWP samples were found to most often differ during the first sampling period and were only in agreement with the PCTE samples. The HPWP samples were generally higher than those collected on the other substrates. This trend continued during the second sampling period when the HPWP samples differed significantly from the other three treatment groups and were again somewhat higher in concentration. During period C, PC samples were found to differ from GF/F, Quartz, and PTFE. Each of these showed higher concentrations of sulfate than the PC samples. None of the filter types were significantly different during period D, however PC concentrations were again lower and HPWP higher.
Oxalate observations also tended to be higher in samples collected on HPWP filters, although not significantly so during period A (Fig. 3) . During period B, PC and HPWP samples differed from PCTE and GN-6 samples. The four filter types deployed during period C did not significantly differ but the quartz samples' values spanned a wider range than the other treatment groups. The treatment groups of period D were significantly different as a whole but the PC and GN-6 and the HPWP and PTFE treatment groups agreed with one another, respectively. The latter pair had higher concentrations.
Nitrate concentrations from the first two sampling periods were not significantly different and the trend of higher concentrations from HPWP samples was not observed (Fig. 4) . The data were significantly different in periods C and D. The former showed lower concentrations in PC samples, which differed from the other three treatment groups. The latter also found lower concentrations in the PC samples. It has been argued that polycarbonate filters are the preferable substrate for collecting aerosol nitrate samples, as opposed to filters made of quartz or PTFE, because there is less uncertainty introduced by evaporation and adsorption. However, this effect is confounded by the particle mass of the sample and meteorological conditions (Chen et al. 2007 and references therein). We could not quantify the impact of these effects, and therefore, are unable to dismiss them as possible sources of the observed differences.
Filter type also contributed to differences in trace element solubility in nearly all cases. Nickel was the only element for which no significant differences were found (Fig. 5) . However, due to the balanced design requirement of the Friedman test, period D only included two observations from each treatment group. Conversely, Cu solubility had significant differences in each of the four sampling periods (Fig. 6) . During period A, the data followed a bimodal pattern with the MCE and GN-6 samples in agreement and the PCTE and HPWP agreeing with one another. The latter pair had higher median solubilities. The GN-6 samples from period B were significantly different than the other three treatment groups. The GN-6 medians were the highest but also included statistical outliers on the high and low ends, indicating significant spread in the data that was not observed in the other treatment groups. Samples from period C were also significantly different but, as explained above, these filter types were extracted using different methods by necessity; therefore the observed differences cannot be solely attributed to filter type. In period D, the PC and HPWP samples were found to Buck and Paytan Methods to assess aerosol TEI solubility agree while GN-6 and PTFE agreed. As in period B, the GN-6 samples encompassed a wider range of solubility values than the other concurrently collected treatment groups. The solubility of four of the trace elements of interest, Ti, V, Fe, and Zn, were found to differ significantly during two of the four sampling periods. Titanium (Fig. 7) and Fe ( Fig. 8) were both significantly different during periods B and D. In both cases, the variability in observations was less than a few percent. During period B, the Ti observations were highest for GN-6 samples, which agreed with the PC samples. The treatment groups were again in agreement during period D and the GN-6 samples had the highest median. For Fe, period B's HPWP samples had the lowest solubility and were only found to agree with the PCTE samples. During period D, the Fe solubility observations followed the same pattern as Ti with the PC and GN-6 samples being greater than the HPWP and PTFE samples. The fractional solubilities of V (Fig. 9) and Zn ( Fig. 10) were impacted by filter type during periods C and D. This result is most apparent in the widely different results for Zn solubility measurements on PC and PTFE filters with solubility approximately three times greater on PC samples. Again, the differing extraction methods may have contributed to the observed differences. These filter types are included in period D and whereas the differences in the data were not as great, they remain significantly different. The remaining trace elements, Al (Fig. 11) , P (Fig. 12) , Mn (Fig. 13) , and Pb (Fig. 14) , showed significant differences most of the time. Period C's PC and PTFE samples were the only examples found to be similar for Al, P, and Mn. Lead solubility, on the other hand, was significantly different during period C but not so during period B.
All filter types had low blank-to-sample ratios with few exceptions. Nickel, Cu, and Zn were more prone to high blank concentrations. Without analytical motivation to choose one filter over the others, operational factors may be considered. One drawback of PC and PCTE filters is that they are prone to absorbing a static electrical charge making these filters difficult to handle. The more substantial HPWP, GN-6, and MCE filter are considerably easier to handle, a characteristic that is potentially valuable in the field, but these carbon-based filters may introduce complications if used to collect samples of organic aerosols.
Comments and recommendations
It is necessary for the marine aerosol community to produce data that are both consistent and accurate to "establish the range of fractional solubility of key atmospheric components and the process that underlie that variability" (SCOR Working Group 2006) . The work presented here demonstrates that the choice of filter substrate can have significant impact on trace element solu-
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Methods to assess aerosol TEI solubility 799 bility observations. Multiple filter types continue to be used by the community hampering intercomparison. Likewise, there is currently no consensus as to the most appropriate extraction solvent. Ultrapure deionized water was chosen for this study because this solvent is commonly available to the general community and offers analytical flexibility. Other solvents have scientific value and should continue to be used; however, aerosol solubility studies should include a common method to produce data sets that are intercomparable. The design of this study was limited to four filters per sampling period due to limitations in the sampling system. The use of additional 47 mm filter heads or larger filters would alleviate this limitation (Morton et al. in press) . As this study shows, statistical tests are available that allow for the comparison of multiple independent groups of data. Experiments should be designed to include as many replicates as the sampling system allows, thereby maximizing the power of the statistical tests. Inclusion of additional replicates would also allow for observation of the variability derived from the extraction procedure as well as natural variability related to nonhomogenous distribution of the aerosols on the filters.
